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Abstract: The serotonin receptor agonist triptan drugs (5 -HT 1 B/ 1 D receptor agonists) have been 
in use for over 20 years in the abortive management of migraine. Although clearly effective, their 
ability to produce vasoconstriction in cerebral and coronary arteries, thought to be mediated by 
their high affinity for the 5-HT1B receptor, has been a limitation to their use in certain patient 
populations. Variable potency triptan binding at the 5-HT1 F receptor occurs in addition to binding 
at the 5-HT1B and 5-HT1D receptors. A more selective serotonin agonist without 5-HT1B- 
mediated vasoconstriction might prove efficacious yet safer. The 5-HT1F receptor has been 
targeted as a site of action for such a drug. In experimental models, 5-HT1F receptor agonists 
have been shown to block neurogenic inflammation and c-Fos expression in neural tissue and, 
as well, show no evidence of vasoconstriction in vascular tissue models in vitro. In clinical trials, 
efficacy in the abortive management of migraine has been established. Lasmiditan (LY573144), 
a selective 5-HT1F receptor agonist (Kl=2.21 |iM), showed efficacy in its primary endpoint, with 
a 2-hour placebo-subtracted headache response of 28.8%, though with frequent reports of dizzi- 
ness, paresthesias, and vertigo. Study results support an emerging central neuronal mechanism of 
migraine pathophysiology. This review traces the history and use of 5-HT1F receptor agonists, 
now referred to as neurally acting anti-migraine agents in migraine management. 
Keywords: 5-HT1F receptor, migraine, serotonin, lasmiditan, treatment, vasoconstriction 

Introduction 

Migraine and related headaches are highly prevalent worldwide. 1 Migraine itself 
accounts for 30% of the global burden of disease and produces half of the world's 
neurological disease-related disability. 2 New and more potent therapies for this common 
and often disabling condition would certainly be welcome. A recent review discussed 
both promising new therapies and new uses for existing therapies. 3 Topiramate, cur- 
rently used as a preventive agent, may also be helpful for migraine vertigo. Occipital 
nerve stimulation may be useful in some patients with intractable chronic migraine, and 
other nerve stimulation procedures also look promising in migraine. Neurotransmitter 
modulators that include a neuronal nitric oxide synthase inhibitor, several glutamate 
receptor antagonists, and a kainite receptor antagonist are under active study. In addition 
to the currently used abortive agents, triptans, and nonsteroidal anti-inflammatory 
medications, other promising new treatments include calcitonin gene-related peptide 
(CGRP) receptor antagonists, transcranial magnetic stimulation, and, reviewed below, 
the serotonin receptor IF (5-HT1F) agonists. 

Most of the current migraine abortive agents were developed at a time when headache 
was thought to result from abnormal vasodilatation of intracranial vessels. The search 
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for new migraine treatments was thus focused on agents that 
produced cerebral vasoconstriction. Sumatriptan was the first 
5-HT agonist developed based on this search and was effec- 
tive in aborting migraine. Other so-called "triptan" drugs soon 
followed and were also effective. Triptans affect a variety of 
5-HT receptor subgroups that are found both peripherally and 
centrally in the nervous system. Whether the principal site of 
action of triptans is central or peripheral is uncertain, as is 
the specific mechanism of action. Triptan vasoconstrictive 
effects are generally thought to result from activation of the 
post-synaptic 5-HT1B receptors found on vascular smooth 
muscle. If not the major site of action of the beneficial effects 
of triptans, 5-HT 1 B receptors do appear to be the site of action 
for the most significant limitation of triptans; their ability to 
produce clinically relevant peripheral vasoconstrictive side 
effects at times leads to myocardial ischemia or infarction. 

An effective anti-migraine agent that did not produce 
vasoconstriction would be a welcome advance. CGRP 
receptor antagonists and anti-CGRP antibodies, currently 
in development, appear to be effective without notable 
vasoconstrictive effects. CGRP receptor antagonists com- 
pete for receptor binding sites with endogenous CGRP, 
reducing its vasoconstrictive properties, while the anti-CGRP 
antibodies bind to CGRP and neutralize its effects; both seem 
able to treat established migraine attacks without associated 
vasoconstriction. CGRP receptor antagonists, however, did 
not appear to be more effective than triptans and problems 
with liver toxicity have limited clinical development. 4 

Opinions are mixed about whether vasoconstriction is the 
major reason that triptans are effective in treating migraine. 5 
Other central or neuronal mechanisms of action of the triptans 
have been suggested, including direct modulation of neu- 
rotransmitter release or other direct modulation of neurons 
within the trigeminal system. Triptans appear to have effects 
at 5-HT1F receptors, which are found on trigeminal neurons. 
In animal models, triptan drug activation at 5-HT1F receptors 
does not produce the vasoconstrictive effects seen with 5-HT 1 B 
activation. 5-HT IF receptors are activated to varying degrees by 
most or all of the triptan drugs, but these data suggest that a pure 
5-HT1 F agonist might act through direct neural mechanisms. It 
seems plausible that a selective 5-HT1F agonist might provide 
efficacy without vasoconstrictive side effects. This new class 
has been termed "neurally acting anti-migraine agents". 6 One 
of them, lasmiditan, has entered clinical trial testing. 

Receptor physiology 

5-HT1F receptors 5 have been identified in various locations 
in the trigeminovascular system, perhaps most notably 



peripherally in the trigeminal ganglion and centrally in 
the trigeminal nucleus caudalis. They are members of the 
G-family of protein receptors acting through inhibition of 
adenylate cyclase. They are located on peripheral and central 
ends of sensory trigeminal neurons, 6 and appear to function 
by hyperpolarizing nerve terminals and thereby inhibiting 
trigeminal impulses. 7 

Further, studies 5 show that human trigeminal ganglion 
neurons that are positive for 5-HT IB/ ID/ IF receptors are 
also positive for glutamate receptors. If 5-HT1F receptors are 
shown to inhibit glutamate release, this would provide another 
potential mechanism of migraine relief. Glutamate is an 
excitatory amino acid that appears to lower the threshold 
for neuronal depolarization and thereby raise the risk for 
subsequent attacks of migraine in susceptible individuals, 
possibly through trigeminovascular activation and production 
of central sensitization. 8 

5-HT IF receptors are also present in the cortex and 
cerebellum. Drug effects at either or both locations may be 
responsible for some of the prominent central nervous system 
(CNS) side effects that are seen with lasmiditan. These side 
effects are consistent with drug entry into the CNS and of a 
central as well as peripheral site of action for lasmiditan. 

LY334370 

In 2001, an early prototype selective 5-HT1F receptor 
agonist was tested in migraineurs in the acute abortive 
management of a single attack with the endpoint of 2-hour 
headache reduction. 9 This compound showed a high binding 
affinity (K 1 = 1 . 6 nM) for the 5 -HT 1 F receptor and showed no 
vasoactive properties. In Phase II clinical trials, statistically 
significant headache improvement was noted for the 60 mg 
(,P=0.012) and 200 mg (P=0.001) doses: placebo 8%, 60 mg 
37%, and 200 mg 52% headache reduction at 2 hours. 

The appearance of liver toxicity in dogs halted its 
development. Similar toxicity has not occurred in other ani- 
mals tested with this or any other 5-HTF1 receptor agonist. 
Further, triptans that bind the 5-HT 1 F receptor have not been 
reported to produce this toxicity. Thus, the authors concluded 
that the toxicity was both species and drug specific and not 
related to the mechanism of action of the compound. 

Based on indirect evidence, a central site of action was 
suspected, probably in the trigeminal nucleus caudalis, though 
peripheral sites of action could not be ruled out. The adverse 
event profile was different from that reported by triptan users 
and consisted of frequent fatigue, dizziness, somnolence, and 
paresthesia. A similar adverse event profile is noted in other 
5-HTF1 agonists. Although development of this agent did 
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not advance, interest continued in the development of other 
selective 5-HT1F agonists. 

Lasmiditan (COL- 1 44, LY573 1 44) 

Preclinical studies 

Nelson et al 6 reported the results of preclinical testing of 
another 5-HT1F selective blocker, structurally unique com- 
pared with the triptans, that showed marked affinity and 
specificity for the 5-HT1F receptor (Table 1). As depicted 
in Table 1 , the lower the dissociation constant (K 1 ) the more 
tightly bound the drug. Results of binding studies with other 
5-HT subtypes are shown for comparison and confirm both 
the binding affinity and specificity of this agent. Notable are 
the much lower binding affinities (higher K 1 s) for lasmiditan 
at the 5-HT IB and 5-HT ID receptors, values much lower 
than many of the triptan drugs. 10 Lasmiditan also demon- 
strated negligible binding affinity across a host of other CNS 
receptors, ion channels, and other binding sites, confirming 
its specificity. 

Early studies tested whether these binding affinities 
would correlate with physiologic effects in animal models. 
In a rabbit saphenous vein model, lasmiditan showed no 
evidence of vasoconstriction while comparable doses of 
sumatriptan produced 50% maximal vessel contraction. 
Separate in vivo animal models of migraine, one measuring 
dural plasma protein extravasation and one of trigeminal 
c-Fos expression, demonstrated that lasmiditan both effec- 
tively blocked dural plasma protein extravasation and inhib- 
ited stimulation-induced c-Fos expression in the trigeminal 
nucleus caudalis. 

One persistent question about the triptans has been the 
degree to which they cross the blood-brain barrier and 
whether central activity is required to produce therapeutic 
effects. Most information now suggests that as a group trip- 
tans are poorly CNS penetrant, which supports the view that 

Table I Binding affinity* of lasmiditan at human 5-HT receptor 



subtypes 


Receptor 


Lasmiditan 


Receptor 


Lasmiditan 




Kl (nM) 




Kl (mM) 


5-HT 1 A 


1, 0531134 


5-HT2A 


>5 mM 


5-HT IB 


I,043±I24 


5-HT2B 


>2 mM 


5-HT ID 


I,357±I56 


5-HT2C 


>3 mM 


5-HT IE 


594±59. 1 


5-HT6 


>4 mM 


5-HT IF 


2.21 ±0.22 


5-HT7 


>5 mM 



Notes: *The lower the dissociation constant (Kl) the more tightly bound the drug. 
Nelson DL, Phebus LA, Johnson KW, et al. Preclinical pharmacological profile of 
the selective 5-HT IF receptor agonist lasmiditan. Cephalalgia. 30( 1 0): I 1 59- 1 I 69, 
Copyright 2010 by International Headache Society. Adapted by Permission. 



relevant clinical benefits are predominantly due to peripheral, 
rather than central, effects. This implies that the ability of 
triptans to bind the central 5-HT IF receptor in vitro" may 
be misleading in regard to their clinical effects, which may 
instead be mostly peripheral. If activation of these central 
receptors is an important therapeutic mechanism, then the 
ease of passage of study agents across the blood-brain bar- 
rier is especially relevant. A wide range of preclinical and 
clinical evidence supports the view that lasmiditan has good 
central penetrance. 7 

Clinical studies 

The results of two industry-sponsored randomized, double- 
blind, placebo-controlled trials of lasmiditan in human sub- 
jects have been reported. Ferrari et al 12 examined the optimal 
intravenous dosage of lasmiditan for the treatment of a single 
migraine attack. This adaptive treatment design began with 
a starting dose of 2.5 mg with adjustments up or down for 
subsequent cohorts based on predefined safety and efficacy 
rules for outcomes in the prior cohort. The primary endpoint, 
headache response, was defined as the 2-hour improvement 
from moderate or severe headache to mild or no headache. 

Subjects with migraine were asked to report to the 
hospital within 4 hours of onset of a typical moderate-to- 
severe event for intravenous infusion of the study drug. The 
subject population was mainly female and Caucasian with a 
mean age of 38.4 years. Data on 130 subjects were used in the 
analysis. Lasmiditan doses between 2.5 mg and 45 mg were 
studied in an adaptive trial study method. Efficacy was based 
on attainment of the primary endpoint of headache response 
in conjunction with prearranged stopping rules. This resulted 
in an effective dose determination of 20 mg, at which point 
the trial was terminated. Based on the primary endpoint, 
the 20 mg dose produced a headache response at 2 hours of 
64.3% compared to a placebo response of 45.2% (P=0.0126 
for the linear association between response rates and dose 
levels). Efficacy was noted as early as 20^10 minutes after 
the start of treatment. Outcomes for multiple secondary 
endpoints correlated with the primary endpoint. No serious 
adverse events were noted. Mild and transient paresthesias 
were reported in about one-third of treated subjects and 25% 
of subjects reported dizziness compared with 14% in the 
placebo group. No significant clinical changes were noted. 
Electrocardiography parameters were unchanged. Since 
this study demonstrated the clinical efficacy of the non- 
vasoconstrictive compound lasmiditan for the treatment of 
migraine, it was widely viewed as confirming the potential 
clinical usefulness of non-vasoconstrictive compounds in 
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migraine treatment. Dosing information was used to help 
select optimal oral dosing for future trials. 

A second study 13 examined oral lasmiditan in a double-blind, 
placebo-controlled, parallel-group fashion. Subjects with epi- 
sodic migraine not on preventive agents were assigned to one 
of the following treatment groups: 50 mg, 100 mg, 200 mg, 
400 mg lasmiditan, or placebo. They were to abortively treat 
one moderate-to-severe migraine event. 

The same primary endpoint was used: headache 
response at 2 hours. Demographic characteristics of subjects 
were similar to the prior study. 12 Associated symptoms and 
side effects were recorded. Secondary endpoints included 
headache recurrence at 24 hours, use of a rescue drug, dis- 
ability, and the subject's global impression of benefit. 

Although 512 subjects were screened and randomly 
assigned into the study, 121 subjects did not end up using the 
study drug to treat a headache. Of the remaining 391 subjects 
who entered, roughly 75 subjects were randomized into each 
treatment group. The typical subject was female with episodic 
migraine with a frequency of one event per month usually 
lasting about 2 hours. Sixty percent of the treated headache 
events were rated as moderate in severity and 40% were rated 
as severe before treatment. Treatment was reported as having 
been initiated in most subjects within 15 minutes of headache 
onset. Fifty percent of subjects reported a return of headache 
within 24 hours after treatment; this was similar to the 24-hour 
return rate reported in the placebo group of 57.1%. 

A significant linear association was noted between both 
headache response rates and headache-free rates at 2 hours 
compared with placebo. All studied doses of lasmiditan 
were considered efficacious compared with placebo (200 mg 
P=0.032; 400 mg P=0.0007). Efficacy was noted as early as 
30 minutes post-dose in the 400 mg cohort. Migraine-associated 
symptoms improved as well in all treatment groups. 

The 200 mg dose produced efficacy felt by the authors 
comparable to historical triptan controls, though the study did 
not directly compare the two drugs. The placebo-subtracted 
improvement to pain- free rate in this study was 1 1 .6% com- 
pared with roughly 6%-31% in a combination of efficacy 
studies of the triptans. 14,15 

Based on this study, lasmiditan demonstrated a benefit 
roughly comparable to that of the triptans, but with a higher 
24-hour recurrence rate. 

Treatment emergent adverse events, including dizzi- 
ness, paresthesia, fatigue, and vertigo, were noted in the 
active treatment group and increased with increasing doses 
of lasmiditan. CNS and vestibular symptoms were reported 
most commonly. Of these side effects, most were mild or 



moderate except for dizziness which was classified as severe 
in 15%-17% of subjects and was associated with use of 
higher doses. Since this was a single-dose study, a dropout 
rate is not meaningful. However, the global impression of 
benefit for the highest administered dose (that also included 
the most severe adverse events) was 34% compared with 
16% for placebo. 

Dose-dependent efficacy in the abortive management of a 
single migraine attack was seen as confirmation of the utility 
of activation of the 5-HT 1 F receptor in migraine management. 
Given receptor locations in the trigeminovascular system, 
proposed mechanisms of action might include inhibition of 
protein leakage, blockage of secondary trigeminal neuron 
activation, and/or inhibition of neuropeptide release, includ- 
ing possibly glutamate. Activation of cerebellar 5-HT1F 
receptors could explain some of the reported adverse events. 
Due to the single treatment structure of both of these studies, 
long-term efficacy could not be assessed. 

This study's authors concluded that lasmiditan was effica- 
cious in the abortive management of a moderate-to-severe 
migraine attack at a recommended dosage of 100 mg. The 
study was unable to determine to what degree the treatment 
emergent adverse events might limit use clinically. Similarly, 
the seemingly high 24-hour recurrence rate was not discussed 
and was of unclear significance. 

Discussion 

It seems clear from the current research that the selective 
5-HT IF receptor agonist lasmiditan is efficacious in the 
acute management of migraine. 1617 Further research in which 
subjects treat multiple attacks is necessary to determine true 
clinical utility. Future head-to-head comparisons will help 
clarify relative efficacy. Whether these drugs will be subject 
to medication overuse headache is another important clini- 
cal question. 

Since peripheral effects have not been ruled out, confir- 
mation is needed that the primary site of action for lasmiditan 
is central inhibition in the trigeminal nucleus caudalis. It is 
possible that the fairly high incidence of CNS adverse effects 
of lasmiditan may limit its clinical utility. 

The potential of this new neurally acting anti-migraine 
agent class of migraine abortive agents has one expert 17 
questioning if their discovery signals the end of the vascular 
hypothesis of migraine, at least as the primary pathophysiol- 
ogy in migraine. It is difficult to refute vascular effects entirely. 
Vasodilator agents are known to trigger migraine attacks in 
humans. Further, vasodilatation has been detected during a 
migraine attack and, in combination with peripheral neuronal 
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sensitization, could contribute to some of the resulting 
migraine symptoms. 17 However, the ability of lasmiditan 
to abort a migraine attack through activation of a centrally 
located neuronal receptor without discernible vascular effects 
certainly seems to bolster a primarily neural hypothesis of 
migraine pathophysiology. Whether or not this drug or this 
group becomes commercially successful, a shift in research 
focus away from vascular mediators and toward centrally act- 
ing agents could be expected on the basis of this information. 
Previously, CGRP receptor antagonists had also been noted to 
be effective in migraine without evidence of vasoconstrictor 
activity; however, because CGRP is a potent vasodilator, an 
indirect vascular effect could still be inferred as playing some 
role in the mechanism of action. Other migraine abortive 
agents such as nonsteroidal anti-inflammatory drugs, though 
also without a clear vascular mechanism of action, could be 
acting through less specific analgesic actions and thus are not 
informative as to pathophysiology. 

Conclusion 

The development of the new neurally acting anti-migraine 
agent class of migraine abortive drugs seems to provide 
additional proof of concept of a neural, and likely central, 
mechanism of migraine pathophysiology, further clarifying 
that a primarily vascular mechanism for migraine is unlikely. 
Lasmiditan, the most developed member of this group, is 
efficacious in the context of clinical trials for treatment 
of individual migraine attacks. Current studies provide 
"strong and direct evidence for a nonvascular mechanism 
for migraine-specific acute treatment". 18 Though further 
investigation is necessary, it seems possible that CNS adverse 
events may limit the clinical acceptability of lasmiditan. 
Whether this is a class effect or not is uncertain, although 
the original tested compound, LY334370, produced a similar 
pattern of side effects. It may be that other 5-HT1F agonists 
will share this limitation due primarily to their central site of 
action. Thus, adverse effects from these agents may become 
a significant barrier to commercial development. Nonethe- 
less, development of future specific centrally acting receptor 
mediators could be expected, building on prior research 
observations on the one hand while further advancing our 
understanding of migraine pathophysiology on the other. 
Or, put another way, it is evident based on these advances 
that mechanism-based drug development in migraine is now 
within reach. 17 
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